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True potential energy curves of X^7Ti/2 and states of AsS mole­
cule have been constructed by R K R V  method from band s^ ctro- 
Bcopic data. Franck-Condon factors and r-controids useful in the 
study of the relative transition probabilities are determined for the 
-d'V3/2—A^7Tg/2 system. I t  has been concluded that the (0,0) band 
of the system caimot be observed owing to negligible smaU Fianok- 
Condon factor. The dissociation energies of the lower aind upper 
states of ohe molecule are estimated by using the three narametei 
Lippincott f  unction, Hulburi and Hirschfelder function and eleotro- 
negatid ty  function suggested by Szoke and Baitz. The difsociation 
products in the upper and lower states of the above systemA of AsS 
molecule are determined.
L Inteoduotion
Recently the band spectrum of AsS molecule in the region AA4300-7000 k  has 
been reported by Shimauchi (1969). From a detailed vibrational analysis, the 
bands have been attributed to A'^ni—X^nr system. Rotational analysis for 
same bands of A'^ TTg/a—XVg/g sub-system has been carried out by Shimauchi 
et al (1971, 1973).
As the construction of accurate potential energy curves for diatomic inter­
action IB of fundamental importance in chemical physios for the understanding 
of various physical problems arising in gas kinetics and molecular spectra, an 
attempt has been made to calculate true potential energy curves and dissocia­
tion energies of X^tt^ /z and states. A knowledge of the vibrational band
strengths is required in order to relate experimental intensity data to relative 
vibrational level populations within the excited states. Hence Franck-Condon 
factors are r-centroids of A h^r^ fz—X^ Tr^ fz system of the AsS molecule have been 
computed. The spectroscopio data of the X^fjjiz and A' n^ f^z states are taken 
from Shimauchi et al (1973).
2. Th e  Textb P otential E nergy  Curves
The potential energy curves for A'^n i^z and X^n i^z states of AsS molecule 
are constructed by using Rydberg-Klein-Rees method as modified by Vanderslioe
680
Ptiinck-Condon fadors of AsB mdUcvie 58l
et al (1969, 1960). The turning points of nine vibrational levels o f the lower 
0tBite and seveii vibrational levels o f the upper st^te are determined and presented 
in tables 1 and 2 along with their V  and 1 7 + Tg values. The potential energy 
curves of the upper and lower states have also been computed by using Morse 
(1929) analytical function to  test the validity of Morse potential for these states. 
The deviation o f Morse potential curves of the lower and upper states from the 
true potential energy curves can be seen from tables 1 and 2.
Table 1. True potential energy curves of the ground (JCVg/a) state of AsS 
molecule.
V C7(r)cm’'^
RKRV Values Morse Function
rni4n(A) ^mln(A) t'imii(A)
0 276.76 1.967 2.060 1.96S 2.070
1 827.40 1.934 2.111 1.935 2.112
2 1374.20 1.912 2.142 1.913 2.143
3 1917.16 1.895 2.167 1.896 2.168
4 2466.28 1.881 2.191 1.882 2.192
5 2991.66 1.868 2.212 1.860 2.213
6 3523.00 1.867 2.232 1.868 2.233
7 4060.60 1.847 2.261 1.848 2.262
8 4674.36 1.838 2.269 1.839 2.269
9 6094.2B 1.829 2.286 1.830 2.287
)le 2. True potential energy curves of the state of AsS molecule
V l7(r)cm-‘ /rr 1 m \nm-l
RKRV Values Morse Function
TmAxi^) Trnini^)
0 198.34 18893.44 2.191 2.311 2.192 2.313
1 693.42 10388.62 2.161 2.361 2.163 2.362
2 986.36 10681.46 2.126 2.397 2.127 2.398
3 1377.16 20072.26 2,106 2.427 2.107 2.428
4 1765.82 20460.92 2.089 2.464 2.090 2.466
6 2162.34 20847.44 2.074 2.479 2.076 2 480
6 2630.72 21231.82 2.061 2.602 2.062 2.603
7 2018.96 21614.06 2.049 2.624 2.050 2.525
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The true potential energy ourves for a moleoular electronic state have been 
used to  estim ate the dissociation energies o f diatomic molecules in a number 
of cases by fitting an empirical potential energy curve to the true potential energy 
ourves. In a comparative study of empirical intemuclear potential functions 
Steele et al (1962), have shown that the five parameter Hulburt and Hirschfelder 
function gives the potential curve with an average error o f 1 to 2 % in (F — Vrkr)IDq. 
Very recently Szoke & Baitz (1968) have also suggested an em piiical function 
depending on the electronegativity o f the constituent atoms to represent the 
potential energy curve of diatomic molecule. This potential function has been 
found to give a quite a good fit to the true potential curve as measured by 
{V ~ V rkr)IDq throughout the useful range of the r values. Hence in order to 
estimate the dissociation energies o f Uie ground and the excited
states o f A bS molecule, the five parameter Hulburt-Hirschfeldor function and 
electronegativity function given by Szoke and Baitz are used. Since in some 
cases (Singh & Rai 1965) the three parameter Lippincott function (Lippincott 
& Steele 1961) is found to give a good fit to the R K B V  curv^ , an attem pt has 
been made to test its validity in the present study. The dissociation energies 
are found to be 32,000 cm “  ^ (3 967 ev) and 24,000 om“  ^ (2.976 ^ )  for the ground 
and upper states respectively. The U^in Umax values from each of these 
functions are compared with the true U values in tables 3 and 4. The disso­
ciation products in the upper state are determined from the atomic excitation 
energies by using the relation
Te-^De =  Dg"+sum of atomic excitation energies.
The m ost probable products o f dissociation for the upper state are determined 
as an excited As (^ D) atom, 8 {^P) atom in the ground state. The ground state 
is assumed to  dissociate into an imexoited combination of As(^S)+8(^P) atoms.
4. r-C e n t r o id s
The r-oentroid o f a {v'—v'') transition has been defined by Nioholls
& Jarmain (1956). The r-centroids of system  of AsS molecule
have been evaluated by both graphical and quadratic methods suggested by 
Nioholls & Jarmain (1956). The results are presented in table 5. A smooth 
curve has been obtained when a graph was drawn between and as
was observed by NichoUs & Jarmain (1956). The sequence difference
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for the system  is found to be constant. As Ar of this system  is less than 0,01 A, 
it  is concluded that the potentials are not wide. The fact that the is found 
to be slightly less than the i(rei+ re2) indioated that the potentials are anharmonic.
6 . F b a no k -Condok F actors 
The relative trasiBition probability o f a v\ v" band is 
P = >D") IJ ® ^
where is the electronic transition moment, and are the vibarational 
Table 3. Dissociation energy of the ground Xhr f^  ^ state of AsS molecule
Franck-Condon factors of As8 rnokode 683
U om “
L ip p in c o tt  fu n otion  
D =  32000  c m - i  
(3 .3907  e v )
H 'H  liin o tio n  
D =  32000  o m -i
E lec tro n eg a tiv ity
fun otion
D 32000 c m - i
C7menom-^ UmaxGTD-^ UmaxGttr^
0 2 7 6 .7 6 3 4 6 .6 6 2 5 6 .2 3 2 9 1 .9 2 6 3 .1 2 9 0 .1 2 6 4 .7 6
1 8 2 7 .4 0 8 2 6 .0 4 7 8 6 .1 2 8 4 7 ,2 8 0 6 .5 8 3 8 ,2 9 8 1 5 .6 8
2 1 3 7 4 .2 0 1 3 6 8 .7 0 1 3 2 6 .9 7 1 4 0 6 .6 1 3 6 8 .9 1 3 8 6 .3 1 3 7 9 .2
3 1 9 1 7 .1 6 1 9 0 0 .6 1 8 3 8 ,3 0 1 9 5 2 .1 1 8 8 1 .8  ■ 1 9 2 0 .1 1 9 1 6 .7
4 2 4 6 6 .2 8 2 4 1 7 .4 2 3 8 5 .7 3 2 4 8 3 .7 2 4 3 9 .0 2 4 3 7 .2 2 4 9 0 .1
6 2 9 0 1 .5 6 2 9 6 5 .3 2 0 0 3 .6 1 3 0 4 7 ,9 2 9 6 4 .6 2 9 8 3 .7 3 0 3 4 .3
6t 3 5 2 3 .0 0 3 4 8 2 .8 3 4 2 6 .3 1 3 5 8 1 ,6 3 4 9 3 .2 3 4 9 8 .6 3 5 8 4 .2
7 4 0 6 0 .6 0 3 9 9 8 .1 6 3 9 4 6 .2 4 4 1 1 3 ,6 4 0 1 7 .6 4 0 0 9 .9 4 1 3 1 .6
8 4 5 7 4 .3 6 4 5 0 0 .0 1 4 4 6 7 .1 9 4 6 3 2 .1 4 6 3 1 .0 4 5 0 6 .9 4 6 6 9 .7
9 6 0 9 4 .2 8 5 0 3 9 .2 6 4 9 6 4 .1 0 6 1 9 0 ,0 6 0 2 8 .8 5 0 3 0 .0 6 1 9 3 .2
Table 4. Dissociation energy of the upper A'%3/a state of AsS molecule
U om^
L ip p in c o tt  fu n c tio n  
Dq =  2 4000  om “  ^
(2 .976  ev )
Utnfnom-^  UmaxOTa-^
H -H  fun otion  
Do =  24000 cm --
E lec tro n eg a tiv ity
fu n otion
Do =  24000  o m -i
UmaxCin”^  Dminoni'  ^ t7ina*cm"
0 1 9 8 .3 4 2 1 1 ,3 9 1 8 7 .5 6 2 0 6 .6 1 8 8 .8 0 2 0 4 .2 1 8 0 .6 1
1 6 9 3 .4 2 6 2 2 .7 6 5 7 9 .4 0 6 1 4 .7 6 8 3 .7 6 0 7 .6 6 8 7 .8 0
2 9 8 6 .3 6 0 9 1 .3 2 9 6 8 .6 6 1001.8 9 7 6 .4 9 8 5 .6 6 9 8 4 .8
3 1 3 7 7 .1 6 1 3 7 6 .9 4 1 3 6 0 .2 2 1 3 9 3 .3 0 1 3 6 1 .9 1 3 6 5 .2 1 3 7 5 .1
4 1 7 6 5 .8 2 1 8 1 1 .7 7 1 7 3 2 .IB 1 8 3 0 .2 1 7 4 7 .9 1 7 9 4 .1 1 7 6 0 .5
5 2 1 6 2 .3 4 2 1 6 2 .0 6 2 1 1 4 .2 2 2 1 8 0 .0 2 1 3 4 .1 2 1 2 8 .1 2 1 6 8 .5
6 2 6 3 6 .7 2 2 6 2 8 .3 9 2 4 8 6 .8 6 2 6 7 7 .6 2 5 1 0 .9 2 4 9 6 .8 2 5 4 1 .3
7 2 9 1 8 .9 6 2 9 0 9 .2 0 2 8 5 9 .9 9 2 9 7 2 .7 2 8 8 8 .1 2 8 6 9 .1 2 9 2 6 .0
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wave funotions o f the molecule in the v* and states and denotes the 
Franok-Condon factor for the transition, In  the present case as the 
value jda/a] for system of AsS molecule is found to be 29.5%
the Franok-Condon factors have therefore been evaluated by  analytical method 
of Fraser & Jarmain (1953) with re-shift correction. For each band a set of 
and Pi values and (0, 0) integral aro computed for the evaluation of Franok- 
Condon factors. The Franok-Oondon factors for (v'+i?'") <  10 are displayed 
in table 5. ,
Tabic 5. Frank-Condon fraotors and r-controids of system
of AsS molecule
V'lV^ 0 1 2 3 4 5 6
Oa 0,0001 0.0016 0.0073 0.0232 0.0535 f 0,0052
b 2.1258 2.1420 2,1685 2.1760 2.1018 2.2090 2 !2266
c 2.1260 2 1410 2.1570 2.1730 2.1890 \ 2.2060 2.2230
d 5536.20 5710.00 6896.00 6992.00 6301,50
la 0.0011 O' 0085 0.0320 0.0731 0.1107 \ o . l l 28
b 2 1180 2.1306 2.1405 2.1625 2.1790 \2.1960 2.2030
c 2.1160 2.1300 2.1460 2.1622 2 1770 ^.1940 2.2100
d 5266.20 6413.60 5681.00 6768.00' 5946.00 6145.00
2a 0.0040 0.0263 0.0691 0,1037 0.0846 0.0268
. b 2.1030 2.1190 2.1350 2.1510 2.1670 2.1840 2.2000
c 2.1060 2.1195 2.1347 2.1600 2.1660 2.1819 2.1980
d 5146.60 6208.60 6668.60 5628.00 6807.00 . . .
3a 0,0106 0.0605 0.0949 0.0798 0.0182 0.0049
b 2.0930 2.1080 2.1240 2.1400 2.1660 2,1720 2.i880
c 2.0941 2.1089 2.1239 2.1391 2.1546 2;1704 2.1864
d . . . 5189.60 6343.00 •
4a 0.0220 0.0761 0.0893 0.0280 0.0029
b 2.0830 2.0970 2.1120 2.1270 2.1440 i . .
c 2.0840 2.0986 2.1133 2.1284 2.1430 . . .
d 4943.90 6084.10 5231.60 . . . . . .
5a 0.0376 0.0913 0.0501 0.0003
b 2.0720 2 0870 2.1020 2.1170
c 2.0741 2.0884 2.1030 2.1178 ., . , I .
d 4721.00 4848.80 4983.20 . . . . . . , , ,
6a
b 2 !0620 2.0760 » P k . , , . . 1 • •. . . .
c 2.0644 2.0786 « ■ 1 . . , • . ,
4633.40 4758.00 . . .
a) Franck'Oondon factors, b) Euid c) rv'iV'by graphical and quadratic methods respectively 
in A. d) Wavelength of the bonds in A. U. —
From the study of Franok-Condon factors of system, the
absence o f (0, 0) band is readily explained as due to the negligibly small value 
of the Franok-Condon factor. A number of heads are expected in both u' and 
t?" progressioi^ in accordance with the vibrational sum rule (Herzberg 1950),
Frmck-Condon factors of Aa8 m dm k
Aoknowlbdgmnt
685
The authors are grateful to Prof B. R. Rao, Principal, College of Science 
and Technology, Head of the Department of Physios and Director, Computer 
Centre, Andhra University, Waltair, for granting financial assistance towards 
computing charges on IBM 1130 computer. One of the authors (Arafunniaa) 
is grateful to CB.LB., New Delhi for financial support.
Fraser F. A. & Januain W. B. 1963 Proc, Fhys, Soc. A66, 1153.
Horzberg G. 1950 Spectra of Diatomic moletyulest Van Nostrand, New York.
Hulburt H. M, & Hirsohfelder 1961 J. Chem. Phys. 35,1901.
Lippmeott E. R. & Steele D. 1961 J. Chem, Plt/ya. 35, 2068.
Morse F. M, 1929 P%«. Pev. 34, 67.
NichoUs R. W. & Jarmain W. R. 1966 Proc. Phya, Soc, A69, 253.
Shimauobi M. 1969 Science of Light 18, 90.
Shimauohi M. 1971 Can. J. Phya. 49, 1249.
Shimauchi M-, Sakaba Y. & Kikuohi S. 1972 Science of Light 21, 1.
Shimauchi M. & Karasawa S. 1973 Science of Light 22, 127.
Steele D,, Lippinoott'B, R. & Vaiiderslice J. T. 1962 Eev. Mod, Phys. 34, 239.
Singh R. B. & Rai D. K. 1966 Gan. J. Phya, 43, 829.
Szoke S. & Baitz 1968 Can. J . Phya, 46, 2663.
Vanderslioo J. T., Mason E. A., Maisch W. G. & Lippincott E. R. 1969 J. Mol. Spec. 3, 17. 
Vaiiderslice J. T., Mason E. A., Maiach W. G. & Lippmeott E. R, 1960 J. Mol. Speci. 5, 8i
